Objective Changes in the occurrence of gastrooesophageal reflux symptoms (GORS) in the population remain uncertain. This study aimed to determine the prevalence changes, the incidence and the spontaneous loss of GORS. Design This population-based cohort study was conducted within the Nord-Trøndelag Health Study (the HUNT study), a longitudinal series of population-based health surveys in Nord-Trøndelag County, Norway. The study base encompassed all adult residents in the county, and the participants reported the degree of GORS during the previous 12 months. The number of participants included were 58 869 (64% response rate) in 1995e7 and 44 997 (49%) in 2006e9. Of these, 29 610 persons (61%) were prospectively followed up for an average of 11 years. Results Between 1995e7 and 2006e9, the prevalence of any, severe and at least weekly GORS increased by 30% (from 31.4% to 40.9%), 24% (from 5.4% to 6.7%) and 47% (from 11.6% to 17.1%), respectively. The average annual incidence of any and severe GORS was 3.07% and 0.23%, respectively. In women, but not men, the incidence of GORS increased with increasing age. The average annual spontaneous loss (not due to antireflux medication) of any and severe GORS was 2.32% and 1.22%, respectively. The spontaneous loss of GORS decreased with increasing age. Conclusion Between 1995e7 and 2006e9 the prevalence of GORS increased substantially. At least weekly GORS increased by 47%. The average annual incidence of severe GORS was 0.23%, and the corresponding spontaneous loss was 1.22%. The incidence and spontaneous loss of GORS were influenced by sex and age.
Significance of this study
What is already known about the subject?
< The prevalence of at least weekly GORS among adults has been reported to be in the range of 10e20% in the western world. < GORS are associated with a decreased healthrelated quality of life. < GORS are established risk factors for adenocarcinoma of the oesophagus.
What are the new findings?
< The prevalence of at least weekly GORS increased by 47% (from 11.6% to 17.1%) between 1995e7 and 2006e9. < The average annual incidence of severe GORS was 0.23%. In women, but not men, the incidence of GORS increased with increasing age. < The average annual spontaneous loss of severe GORS (not due to antireflux medication) was 1.22%. The spontaneous loss of GORS decreased with increasing age.
How might it impact on clinical practice in the foreseeable future?
< The increasing prevalence of GORS found in this study may call for a strengthened effort to investigate and treat this patient population, both due to the impact on health-related quality of life and the increasing incidence of adenocarcinoma of the oesophagus related to GORS.
series of population-based health surveys conducted in the Norwegian county of Nord-Trøndelag. The county has a stable population that is representative of the Norwegian population at large. 13 All adult residents in Nord-Trøndelag county who turned 20 years of age during the survey year were invited to participate. The first survey (HUNT 1), which was conducted in the mid-1980s, was not included in the present study because GORS data were not collected. However, the second survey (HUNT 2) conducted from August 1995 to June 1997 and the third survey (HUNT 3) conducted from October 2006 to June 2008 included an assessment of GORS. Moreover, in 2009, a postal questionnaire study (Mini-Q) of the non-participants in HUNT 3 was conducted, also including an assessment of GORS and as such was eligible in our study. The HUNT database contains approximately 5500 health-related variables, including variables on exposures, complaints and diseases, collected through self-administered questionnaires, clinical measurements and blood samples taken at the screening stations.
Assessment of GORS
In HUNT 2 and HUNT 3/Mini-Q the participants were asked the following question through self-administered questionnaires: 'To what degree have you had heartburn or acid regurgitation during the previous 12 months? ' and replied with one of three response alternatives: 'no complaints', 'minor complaints', or 'severe complaints'. In the analyses, those who reported minor or severe complaints were included in the category 'any GORS', while those who reported severe complaints were included in the category 'severe GORS'. In HUNT 2, the GORS question was part of the initial questionnaire sent by mail along with the study invitation and returned at the screening station. In HUNT 3/Mini-Q, the GORS question was part of a second questionnaire given to the participants at the screening station (HUNT 3) or the questionnaire sent to the non-participants (Mini-Q). As the frequency of GORS was not directly assessed in HUNT 2 and HUNT 3, the participants were asked to report both their degree and frequency of GORS in a validation study after HUNT 2 14 and in Mini-Q. The following question was asked to assess the frequency of GORS: 'If you have had heartburn or acid regurgitation during the previous 12 months, how often do you have complaints?' and replied with one of three response alternatives: 'daily', 'weekly', or 'less frequently'.
Assessment of antireflux medication
Data on antireflux medication were collected from the HUNT questionnaires as well as from the Norwegian Prescription Database (NorPD). The NorPD is a Norwegian national health register, established in 2004, which contains data on all prescribed medication dispensed from all Norwegian pharmacies. Through the use of the unique national identity number assigned to all Norwegian residents, it was possible to link the HUNT study to the NorPD and gather information on the prescribed medication among the participants during HUNT 3. The prescription rules in Norway during the study period required a prescription from a physician for all proton pump inhibitors or H 2 -receptor antagonists (H 2 RA), except for small packages of low-dose H 2 RA. The information retrieved from the NorPD included dosage, package size and number of packages for each single prescription. In addition, the participants in HUNT 3 reported their use of over-the-counter antireflux medication, i.e. small packages of low-dose H 2 RA and antacids during the past month, with the response alternatives 'never or rarely', '1e3 times per week', '4e6 times per week', or 'daily'.
All antireflux medication in the study population during HUNT 3 should thus be accounted for.
Statistical analyses
The prevalence of GORS was calculated as the proportion of persons in HUNT 2 and HUNT 3/Mini-Q who reported any (minor or severe) GORS or severe GORS, respectively. The prevalence of individuals with at least weekly GORS in HUNT 2 and HUNT 3/Mini-Q was estimated through assessment of both the degree and frequency of complaints reported by those participating in the HUNT 2 validation 14 or in Mini-Q. The proportion of individuals with severe GORS and at least weekly GORS and the proportion of individuals with minor GORS and at least weekly GORS in the HUNT 2 validation and in Mini-Q were calculated. These proportions were multiplied by the number of individuals with severe and minor GORS in HUNT 2 and HUNT 3, respectively, to assess at least weekly GORS.
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When calculating response rates, those who had died or were no longer resident in the county (non-eligible) were excluded from the denominator. The incidence of GORS was calculated from the proportion of those who reported no GORS in HUNT 2 and any or severe GORS in HUNT 3/Mini-Q (cumulative incidence), respectively. The loss of GORS was calculated from the proportion of those who reported any or severe GORS in HUNT 2, respectively, but no GORS in HUNT 3/Mini-Q (cumulative loss). In the latter analysis, those using antireflux medication at least weekly in HUNT 3/Mini-Q were excluded to assess the spontaneous loss of GORS only. The average annual cumulative incidence and spontaneous loss of GORS were calculated using the formula (exp (cumulative proportion)e1)/11 years (average annual percentage change). In addition, 95% CIs for the proportions were calculated. The prevalence, incidence and spontaneous loss of GORS were stratified by sex and age (<40, 40e49, 50e59, 60e69 and $70 years). ORs between the time points were estimated to assess statistically the changes in the prevalence of GORS, and adjustments were made for sex and age by using the interaction term between sex and age groups as covariable. Generalised estimating equations with an exchangeable correlation structure were used to account for the repeated assessments of GORS among many of the participants. ORs were also estimated by logistic regression to assess differences in the incidence and spontaneous loss of GORS by sex and age, using the interaction term as explanatory variable. The statistical analyses were performed using the software Stata/IC V.11.1 for Windows by StataCorp LP.
The study was approved by the Regional Committee for Medical and Health Research Ethics, Central Norway. All participants signed a written consent form when they participated in the HUNT study, which stated that the data collected could be linked with health registries and patient records for research purposes in future studies.
RESULTS Participants
The degree of GORS was reported by 58 869 individuals (64% response rate) in HUNT 2 (1995e7) and by 44 997 individuals (49% response rate) in HUNT 3/Mini-Q (2006e9). The number of participants in HUNT 3 and Mini-Q were 37 406 and 7591, respectively. These participants were included in the assessment of the prevalence of GORS (figure 1). In HUNT 2, the mean age was 48.5 years (SD 16.8 years; range 19e101 years) compared with 52.1 years (SD 16.0 years; range 19e102 years) in HUNT 3/Mini-Q. The female response rate was 52% in HUNT 2 and 55% in HUNT 3/Mini-Q, and 570 and 237 women reported to be pregnant, respectively. All analyses included pregnant women, as analyses excluding them made no difference in the results (data not shown).
In the assessment of the incidence and spontaneous loss of GORS between HUNT 2 and HUNT 3/Mini-Q, the 29 610 individuals who reported their degree of GORS at both occasions were included. This corresponds to a response rate of 61%, excluding the 10 535 non-eligible participants who reported GORS in HUNT 2 but had died or were no longer resident in the county at HUNT 3 (figure 1). The mean age of this cohort was 57.3 years at follow-up (SD 13.1 years; range 29e100 years) and 54% were women.
Changes in prevalence of GORS
Between 1995e7 and 2006e9, the prevalence of any GORS increased by 30%, from 31.4% (95% CI 31.0% to 31.7%) to 40.9% (95% CI 40.4% to 41.3%), and the prevalence of severe GORS increased by 24%, from 5.4% (95% CI 5.2% to 5.6%) to 6.7% (95% CI 6.4% to 6.9%). Adjusted for sex and age, the OR of any and severe GORS in 2006e9 compared with 1995e7 was 1.46 (95% CI 1.43 to 1.49) and 1.20 (95% CI 1.15 to 1.26), respectively. For any GORS the prevalence increased for both sexes and all age groups, but for severe GORS the prevalence increased mainly among the middle aged (table 1) .
In Mini-Q, in which the participants reported both their degree and frequency of GORS, 98% of the participants with severe GORS had at least weekly symptoms or used antireflux medication at least weekly. The corresponding rate was 31% among participants with minor GORS.
The prevalence of at least weekly GORS, estimated through the assessment of data from the HUNT 2 validation and Mini-Q, increased by 47% from 11.6% (95% CI 11.4% to 11.9%) to 17.1% (95% CI 16.7% to 17.4%). The prevalence of at least weekly GORS increased for both sexes and all age groups and most among the middle aged (table 2; see supplementary figure 2, available online only).
Incidence of GORS
During the average 11 years of follow-up from 1995e7 to 2006e9, the cumulative incidence of any GORS was 29.1% (95% CI 28.4% to 29.7%), which corresponded to an average annual incidence of 3.07% (95% CI 2.99% to 3.14%). Women younger than 40 years of age had the lowest incidence of any GORS. The incidence increased with increasing age for women, while it was stable with age for men. In older age groups there was no difference in the incidence of any GORS between the sexes (table 3; see supplementary figure 3, available online only). The cumulative incidence of severe GORS was 2.5% (95% CI 2.3% to 2.7%), which corresponded to an average annual incidence of 0.23% (95% CI 0.21% to 0.25%). There was a slightly increased incidence of severe GORS with increasing age for women, but it was stable with age for men. Women aged 60e69 years had the highest incidence of severe GORS (table 3; see supplementary figure 3, available online only).
Spontaneous loss of GORS
The cumulative loss of any GORS during the study period was 22.7% (95% CI 21.9% to 23.6%), when excluding the 286 participants (12%) using antireflux medication at least weekly. This corresponded to an average annual spontaneous loss of 2.32% (95% CI 2.23% to 2.42%). Women younger than 40 years of age had the highest spontaneous loss of any GORS. The spontaneous loss decreased with increasing age for both sexes, but this was more pronounced among women. There was no difference in spontaneous loss of any GORS between the sexes in older age groups (table 4; see supplementary figure 4, available online only).
The cumulative loss of severe GORS was 12.6% (95% CI 10.9% to 14.2%), when excluding the 89 participants (31%) using antireflux medication at least weekly. This corresponded to an average annual spontaneous loss of 1.22% (95% CI 1.05% to 1.40%). The spontaneous loss decreased with increasing age for both sexes, but this was particularly evident among women (table 4; see supplementary figure 4, available online only).
Non-participant study
In Mini-Q and HUNT 3, respectively, 29.9% and 43.1% reported any GORS; 4.3% and 7.1% reported severe GORS; and 5.7% and 8.2% used antireflux medication at least weekly. These differences were also retained after stratification by sex and age (data not shown). Distributions of key variables associated with GORS were also assessed. In Mini-Q and HUNT 3, respectively, 49% and 56% were women; the mean age was 45.9 and 53.4 years; the mean body mass index (BMI) was 26.1 and 27.2 kg/m 2 ; there were no differences in the proportions of none or daily cigarette smokers; 34% and 38% drank at least weekly alcohol; and 69% and 79% reported at least weekly physical exercise.
DISCUSSION
The present study found a substantial increase in the prevalence of GORS during the past decade. The absolute number of individuals with new GORS exceeded the number who lost GORS during the study period. Age was an important risk factor for the incidence of GORS among women, but for men the incidence was stable irrespective of age. GORS was frequently lost, especially among young women, but seemed to be more stable with increasing age. Analyses excluding pregnant women made no difference in the results. The use of regular antireflux medication could only explain the loss of GORS in a minority of participants.
There are a few methodological issues to be discussed. Major strengths were: (1) the population-based design, which reduced the risk of selection bias compared with studies of individuals consulting physicians or in other healthcare settings; (2) the large study population, which reduced the risk of chance findings and made subgroup analyses possible; and (3) the ability to account for the use of antireflux medication among participants with loss of GORS. Limitations of the study were: (1) the drop in participation rate from HUNT 2 to HUNT 3, making differences in selection bias between the surveys possible; and (2) the long time interval (11 years) between the surveys, which prevented the evaluation of additional fluctuations in GORS during the study period. The analysis of incident GORS may thus also have included recurrent symptoms and not only genuinely new cases, and the loss of GORS may not necessarily mean a true recovery, but rather a temporary relief of symptoms. The probability of fluctuating symptoms was, however, most likely reduced by the 12 months time period the individuals were asked to consider when reporting GORS. Selection bias is a major concern in all population-based studies including the present study. However, compared with other population-based cohort studies of this magnitude the overall response rate is high. In addition, the purpose of the HUNT study was to perform an extensive investigation of common diseases and exposures using a wide range of health-related variables. Therefore, non-participation due to GORS is highly unlikely as there were only two questions related to GORS in the HUNT study. In Mini-Q the prevalence of both any and severe GORS and the use of antireflux medication was lower than in HUNT 3, also after stratification by sex and age. The lower prevalence of GORS in Mini-Q may indicate a selection of individuals with more complaints in the study population than in the target population and possibly an overestimation of the occurrence of GORS. However, this bias is reduced with the inclusion of the participants in Mini-Q in the study population. The lower prevalence of GORS in Mini-Q may be partly explained by the lower BMI of this population. Finally, the definition of GORD is arbitrary, but according to present guidelines it is based mainly on the frequency of GORS, 2 which is in line with the present study. Our previous validation study ( HUNT 2 validation) showed that 95% of the participants with severe GORS had at least weekly symptoms or used antireflux medication at least weekly.
14 The corresponding proportion of 98% in Mini-Q confirmed this result and implies reliability of the GORS assessment in the HUNT study.
Previous research on the population-based prevalence of GORS is heterogeneous and comparisons between prevalence studies are inherently difficult because GORS are subjective and the definition of GORD varies between studies. In addition, the sample size of previous studies is generally small. A few studies have assessed the change in prevalence of GORS by investigating the same source population at a minimum of two time points. Two US studies, conducted in the same source population in the 1980s and the 1990s, found an increase in the prevalence of at least weekly heartburn from 13.2% (n¼835; aged 30e64 years) to 17.8% (n¼1511; aged 25e74 years), but no change in at least weekly acid regurgitation (6.5% and 6.3%, respectively). 15 16 In a Swedish study, the prevalence of any GORS increased from 20e21% in 1986 (n¼337; aged 20e79 years) to 22e25% at follow-up 10 years later (n¼197). 17 18 In another Swedish *Cumulative spontaneous loss was calculated from any or severe GORS in HUNT 2, respectively, to no GORS in HUNT 3/Mini-Q, excluding those using antireflux medication at least weekly. yAny gastro-oesophageal reflux symptoms (GORS): minor or severe complaints with heartburn or acid regurgitation; severe GORS: severe complaints with heartburn or acid regurgitation. zOR and 95% CI of losing GORS for each sex and age group. xAge at follow-up in HUNT 3/Mini-Q.
population, the prevalence of any GORS increased from 18.9% in 1988 (n¼1156; aged 20e79 years) to 19.4% at follow-up in 1995 (n¼877). 19 In a recent Danish study, the prevalence of at least mild GORS at baseline in 1998e9 was 22% (n¼6781; aged 40e65 years) and was reported to be stable at follow-up 5 years later (n¼5578). 20 Except for this last study, there was an increasing prevalence of GORS over time in all populations, but this increase was not as pronounced as in the present study. The increasing prevalence of GORS is alarming because it will most likely contribute to the increasing incidence of adenocarcinoma of the oesophagus in the western population. 5 6 Only a few population-based studies have assessed the prevalence of GORS in the same cohort during at least two time points and addressed the incidence or loss of GORS. Generally, these studies have a small sample size, a short follow-up time, or a selected population. A Danish study with baseline in 1982e4 and follow-up assessment in 1987e8 (n¼2987; aged 30e60 years at baseline) reported an annual incidence of any GORS of 13e19% and an annual incidence of frequent GORS of 1e3%. 21 A Swedish study with baseline in 1988 and 1 year follow-up (n¼1059; aged 20e79 years at baseline) reported an annual incidence of predominant GORS of 0.05% and an annual incidence of GORS with other concurrent gastrointestinal symptoms of 0.75%. 22 A US study from 1988 to 1991 with 12e20 months follow-up (n¼690; aged 30e64 years at baseline) reported a cumulative onset rate of heartburn several times a week or daily of 2.7%, corresponding to average annual onset rates of 1.6e2.7%. 23 In another Swedish population with baseline assessment in 1986 and follow-up 10 years later (n¼197; aged 20e79 years at baseline), the annual incidence of any GORS was 1.2e1.8%. 18 In the most recent study from Denmark with baseline in 1998e9 and follow-up assessment 5 years later (n¼5578; aged 40e65 years at baseline), an annual incidence of at least mild GORS of 2.2% was reported. 20 Except for the first Danish study, these incidence figures comply with the results of our study, and over the past two decades the incidence seems to have been quite stable among these populations. However, in our study we were able to show an effect of age on the incidence of GORS among women.
The first Danish study reported cumulative loss of any GORS of 27e37%, corresponding to an average annual loss of 6.2e9.0%, and cumulative loss of frequent GORS of 59e77%, corresponding to an average annual loss of 16.1e23.2%. 21 The US study reported a cumulative loss of heartburn several times a week or daily of 47.8%, corresponding to an average annual loss of 36.9e61.3%. 23 The second Swedish study reported an annual loss of any GORS of 1.1e1.3%, 18 and the most recent Danish study reported an annual loss of at least mild GORS of 8.6%. 20 Except for the second Swedish study, these figures on the loss of GORS deviate from our results, but our large sample size, long follow-up time, and ability to adjust for antireflux medication argue for validity. In addition, we showed a considerable effect of age on the spontaneous loss of GORS.
There might be several reasons why the prevalence of GORS has increased during the past decade. The body weight has increased in the population, and high BMI is an established risk factor for GORS. The increasing age of the cohort may contribute, but the prevalence also increased after adjustment for age. However, it is interesting that the incidence and spontaneous loss of GORS were influenced by age, particularly for women. Postmenopausal hormone replacement therapy seems to be a risk factor for GORS and may to some extent contribute to this pattern for women. 14 24 The substantial loss of GORS, not due to antireflux medication, found in the present study, is partly conflicting with the presumed chronic character of GORS and the large use of regular antireflux medication in this population. Besides antireflux medication, there are few data on the prevention and treatment of GORS in a population-based setting. These issues will be addressed in depth in future studies using the HUNT study.
CONCLUSION
In this large prospective population-based cohort study there was a considerable increase in the prevalence of GORS between 1995e7 and 2006e9, and the prevalence of at least weekly GORS increased by 47%. The average annual cumulative incidence of severe GORS was 0.23%, and the average annual spontaneous loss of severe GORS (not due to antireflux medication) was 1.22%. The incidence and spontaneous loss of GORS differed between the sexes and with age. Competing interests None.
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